Objective: To investigate the incidence of Cushing's syndrome (CS) in patients with significant hypercortisoluria and the performance of urinary free cortisol (UFC) screening. Design: Retrospective file review.
Introduction
Endogenous pathologic hypercortisolism, or endogenous Cushing's syndrome (CS), is a rare endocrine disorder. Although CS has been extensively investigated, its reported incidence of 0.7-2.4 per million population per year (1, 2, 3) is derived from only two historical general population-based studies (2, 3) . The more recent one collected information on all patients in Denmark diagnosed with CS over an 11-year period (1985-1995) . A total of 166 patients were identified for an incidence of 2 cases per million inhabitants per year (2) . Of these, 99 (59.6%) had pituitary-dependent hypercorticism (Cushing's disease). The other study included only the 49 patients with Cushing's disease living in a single city (Vizcaya, Spain) between 1975 and 1992, which yielded an average incidence of 2.4 cases per million inhabitants per year (3) .
It has been suggested that these assessments are imprecise and may considerably underestimate the true occurrence of the disorder (1, 4) given the results of prevalence evaluations of endogenous CS in pre-selected populations of patients with uncontrolled diabetes mellitus (DM) (5, 6, 7) or hypertension (8) . However, in these relatively small cohorts, the diagnostic criteria were not uniformly applied, and additional studies in patients with DM (9, 10, 11) or obesity (12) yielded conflicting results. In one survey investigating the incidence of CS and Cushing's disease in commercially insured patients <65 years old in the United States, the authors reported a substantially higher incidence than previous estimates (13) . However, they used a health insurance claims database that lacked granular clinical information to confirm the diagnosis. Furthermore, it was not clear if patients with exogenous CS were excluded (13) .
The clinical presentation of CS is variable, with no single sign or symptom that is pathognomonic. According to the 2008 Endocrine Society guidelines, 24-h urinary free cortisol (UFC) measurement is one of the recommended tests for the diagnosis of CS (14) . Values three to four times the upper limit of normal (ULN) are generally considered diagnostic (1, 4, 15) .
The aim of this study was to estimate the incidence of endogenous CS in a cohort of patients with significant hypercortisoluria and to analyze the performance of UFC screening.
Methods
The study was conducted at Maccabi Healthcare Services, the second largest publicly funded health maintenance organization (HMO) in Israel, and approved by its Ethics Review Board. Membership in one of the four HMOs in Israel is obligatory by law, and every resident of the country has the right to choose which of the four he/she prefers to join. Laboratory tests for urinary cortisol levels are covered by the HMOs. The computerized database of Maccabi Healthcare Services was reviewed for all individuals who underwent the UFC test from January 1, 2005 to December 31, 2014. Those with results that were twice the upper normal limit (UFC >2× ULN) were identified, and their medical files were reviewed for a subsequent diagnosis of CS. Patients were included in the final study sample if they fulfilled the following two criteria: Demographic and clinical parameters were collected by file review, as follows: age, sex, body mass index (BMI), diagnosis of hypertension, diabetes mellitus (DM) or impaired fasting glucose (IFG), and if specified, the reason for referral for the UFC test. Additionally, in patients subsequently diagnosed with CS, data were retrieved on the specific cause of the hypercortisolism and the clinical course after diagnosis. In patients who were not diagnosed with CS, the medical files were screened for potential causes for hypercortisolism and further cortisol level assessments.
Urine cortisol was measured using a commercial radioimmunoassay (DiaSorin, Saluggia, Italy or Siemens Healthcare Diagnostics).
Statistical analysis
On the basis of the present findings, we calculated the annual incidence of new cases of CS in [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] in the general population insured by the HMO (Maccabi Healthcare Services) using the official publicly published data of the Israel National Insurance Institute on the yearly number of individuals insured at each of the four HMOs in Israel (https://www.btl.gov.il/Publications/ survey/Documents/seker_271.pdf). Subjects diagnosed/ not diagnosed with CS were compared for age and BMI by independent-samples t-test and for rates of hypertension, DM and IFG, by chi-square test. Observed differences were assumed to be statistically significant if the probability of chance occurrence (P value) was less than 0.05.
Results
According to the Israel National Insurance Institute reports (https://www.btl.gov.il/Publications/survey/Documents/ seker_271.pdf), the number of individuals insured at Maccabi Healthcare Services in 2005 (first year of the study) was 1 692 700 and gradually increased by 21.2% to 2 050 788 in 2014 (last year of the study) ( Table 1 ). In all the study years, the number of people insured at this HMO accounted for approximately 25% of the Israeli population (https://www.btl.gov.il/Publications/survey/ Documents/seker_271.pdf).
During the same years, UFC levels were measured in 41 183 subjects at the Central Laboratory of Maccabi Healthcare Services. Of these, 34 562 (83.9%) had normal-range results. The number of subjects referred for UFC testing increased every year during the study period (Table 1 ). In 2005, UFC screening was performed in 1804 persons, and in 2014, in 6464 persons, for an increase of 2.9-fold in the rate of individuals who underwent the test (Table 1) .
UFC levels >2× ULN were found in 510 subjects (1.2%), and UFC levels >3× ULN, in 214 subjects (0.5%). were excluded.) UFC, urinary free cortisol; ULN, upper limit of normal. 1) . Eighty-five subjects of the 510 subjects with UFC >2× ULN (16.7%) were subsequently diagnosed with CS. These patients constituted 0.2% of all individuals who underwent UFC testing during this 10-year period. Classification of the patients diagnosed with CS according to the specific cause of hypercortisolism is shown in Table 2 . The most common diagnosis was Cushing's disease, in 47 patients (55.3%), of whom 46 had undergone trans-sphenoidal surgery by the time of data collection. Remission was achieved in 42 patients, 4 of them after additional treatment (repeated transsphenoidal surgery in 2 patients; radiosurgery and bilateral adrenalectomy, 1 patient each). Recurrence was documented in 3 patients within 2-9 years after surgery. Of the 32 patients with adrenal CS, 26 underwent adrenalectomy, leading to remission in 23. Two patients refused surgery and 2 were not operated because of bilateral adrenal masses and metastatic adrenocortical carcinoma; in 2 patients, no data on treatment were available. Four patients were diagnosed with CS due to ectopic ACTH secretion. One had a neuroendocrine carcinoma and was treated with chemotherapy, one underwent bilateral adrenalectomy and one was treated with ketoconazole after surgical excision of a lung carcinoid; in one patient, management data were unavailable. Overall, until the time of data collection, 74 patients with CS (87.1%) had undergone surgery. Two patients refused surgery, and 5 patients were treated medically. In 4 patients, no full data on treatment were available. 
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The absolute number of patients and the incidence of CS per year in the HMO-insured population are shown in Fig. 2 . The mean annual incidence of CS was 4.5 ± 1.4 new cases/million/year (median 4.9/million/year, range 1.7-5.9/million/year).
Analysis of the maximal UFC levels in patients with CS yielded a mean value of 8.2 ± 12.6× ULN (median 4.6× ULN, range 2.1-224× ULN). In 71 of the 85 patients with CS (83.5%), the maximal UFC level was >3× ULN. These patients constituted 33.2% of the 214 individuals with UFC level >3× ULN. In only 14 patients (16.5%) was the maximal UFC level 2-3× ULN.
A search of the medical files of the 425 patients with UFC levels >2× ULN who were not diagnosed with CS revealed potential causes of hypercortisoluria in 159. These included 105 patients who underwent urinary cortisol measurement while on exogenous glucocorticoid preparations and 44 patients who had documented conditions associated with hypercortisolism, namely, depression and other psychiatric conditions (n = 19), anorexia nervosa (n = 5), pregnancy (n = 1), alcohol dependence (n = 1), acute illness (n = 14) and sleep apnea with chronic hypoxia (n = 4). In the remaining 10 patients, the elevated UFC level was considered a laboratory error, and repeated UFC testing within 1 month revealed normal results.
Of the 266 patients with no apparent cause of the hypercortisolism, CS was formally excluded in 89 based on at least two of the following tests: repeated UFC screening showing normal-range levels; overnight 1 mg DST showing a morning plasma cortisol level of <1.8 µg/dL (50 nmol/L); and late-night salivary cortisol measurement showing normal laboratory-range levels. An additional 127 patients underwent only one further screening test: repeated UFC measurement in 45 patients, which showed normal levels in 33 and repeated high levels in 12; overnight 1 mg DST in 74, showing cortisol <1.8 µg/dL in all cases; and late-night salivary cortisol assessment in 8, showing normal-range values in all cases. In 13 patients, we found only basal morning cortisol levels. In the remaining 37 patients, no further cortisol measurements were performed.
In 420 of the 510 patients with UFC >2× ULN, the reason for referral for screening was specified in the medical file. The most common reason, in 246 patients (58.6%), was obesity with/without other findings suspicious of CS. This subgroup included 148 patients who underwent the UFC test before planned bariatric surgery; only 2 were positive for CS. Fifty-nine of the 420 patients with a specified reason (14%) were referred after detection of an adrenal mass, of whom 9 were consequently diagnosed with adrenal CS. Table 3 compares the clinical characteristics of the tested subjects with and without a final diagnosis of CS. The CS group was predominantly female (74.1%), and the non-CS group, predominantly male. In both groups, obesity, hypertension and DM were prevalent, but BMI was lower and hypertension was more common in the patients with CS.
Discussion
This study shows that during the 10-year period from 2005 to 2014, the number of UFC tests performed in a major HMO in Israel dramatically increased. However, there was no parallel increase in the detection rate of CS in patients with UFC >2× ULN. On the basis of the results in the present cohort, we calculated a mean incidence of CS in the general HMO-insured population of 4.5 per million per year. This value is more than twice that reported in the more recent of the two general population-based surveys published in the medical literature (2). The incidence in the last four years of our survey (2011-2014) was even higher, namely, 5.1-5.9 new cases per million per year.
In their study of the incidence of CS, Lindholm et al. (2) identified patients using data from the National Danish Patient Register and departments of endocrinology and neurosurgery in medical centers in Denmark. In the absence of a national patient register in Israel, we used documented UFC screening measurements to retrieve a large proportion of the patients diagnosed with CS during the study period. The use of UFC tests to establish the diagnosis of CS was recognized already in the 1970s (16, 17) . In 2008, the Endocrine Society guidelines recommended the UFC test as one of three diagnostic screens for CS, along with overnight 1 mg dexamethasone suppression and late-night salivary cortisol measurement, and suggested that CS cannot be diagnosed unless findings on at least two of the tests were abnormal (14) . We assumed that, practically, the vast majority of patients with CS undergo UFC measurement at least once during the diagnostic process and that by using a cut point of UFC >2× ULN, we would be able to detect most patients diagnosed with CS during the study years among the surveyed population (1, 4, 15) . Although our study and that of Lindholm et al.
(2) applied different practices to identify patients with CS, we speculate that this is not the reason for the higher incidence reported here. Indeed, the authors of the Danish survey expressed confidence that owing to their exhaustive search, they had included all patients with pituitary and adrenal CS in Denmark (2). Rather, we attribute the difference to the long time (two decades) that elapsed between the studies, such that the higher incidence in ours probably reflects the increasing tendency to diagnose CS at earlier, milder stages (18) . The more extensive use of computed tomography and magnetic resonance imaging in recent years has led to a growing number of incidentally found adrenal masses, some of which turn out to be cortisol-producing adenomas (19) . The prevalence of 'adrenal incidentalomas' increases with age, up to a rate of 7% (19, 20, 21) , with 6-23% of affected patients found to have 'subclinical' or subtle CS (19, 22, 23) . Accordingly, in Israel, a retrospective case series of 100 consecutive patients with adrenal incidentalomas found that 8% had subclinical or overt CS (24) . In the present cohort, 9 of the 32 patients (28.1%) with adrenal CS were referred for UFC screening because of the detection of an adrenal mass. A diagnosis of adrenal CS was established in 37.6% of the total patients, compared with 28.9% in the survey of Lindholm et al. (2) . This rate of non-ACTHdependent CS is higher than expected according to previous reports (1, 4) .
A remarkable finding in this study is the disproportionate increase over time in the number of patients referred for UFC testing relative to the growth of the surveyed population and the rate of CS diagnosis. This discrepancy is most likely explained by an increase in the prevalence of CS screening among patients with obesity, type 2 DM or hypertension in the absence of more specific features of CS. The sharp growth in CS screening may also be associated with the rapid upsurge in the performance of bariatric surgery in recent years. According to the data of the Israel National Hospital Discharge Register, the number of bariatric procedures increased during the study years from 1390 in 2005 to 8841 in 2014 (http://www. health.gov.il/PublicationsFiles/bariatric_2014.pdf). In the absence of standardized endocrine assessment protocol before bariatric surgery, the preoperative referral of obese patients for UFC testing is common in Israel (D.H., personal communication).
The screening strategy proposed by the Endocrine Society guidelines is intended to reduce the number of false-positive test results. Therefore, widespread testing for CS in the absence of specific features is discouraged, and a case-finding approach is preferred (14) . A recent literature review showed that in large series, only ≤1% of patients with obesity, type 2 DM or hypertension were diagnosed with CS by routine screening of individuals (18) . Nevertheless, in this study, the most common reason specified for UFC measurement was obesity. Of the 246 subjects with this indication, 148 (60.2%) were referred before planned bariatric surgery; only 2 of them were subsequently diagnosed with CS. These findings are in accordance with two series including 783 and 609 consecutive morbidly obese patients who underwent the overnight 1mg DST, of whom 0.8% and 0.6% respectively, were found to have CS (25, 26) .
We postulate that obesity was also a main reason for UFC testing in the individuals with normal-range results, as circulating cortisol concentrations are usually normal (or even slightly reduced) in obesity (27) . Baid et al. (12) , in a study of the specificity of screening tests for CS in an overweight and obese population, found that none of the 369 patients had CS although they had a mean of 5-6 signs or symptoms. However, severe obesity itself can sometimes raise UFC levels, leading to false-positive screening results (14) . Accordingly, we found that the median BMI of the patients with CS was within the limits of overweight, whereas the median BMI of the patients without CS was compatible with severe obesity.
Not surprisingly, the vast majority of subjects referred for UFC screening in our study had normal-range results. Most of those diagnosed with CS had levels of 3× ULN, and only 14 patients (16.5%) had a maximal level of 2-3× ULN. This finding is compatible with other studies showing that patients with CS usually have UFC values at least threefold higher than the ULN (1, 4, 15) . In this study, urine cortisol measurements were obtained using antibody-based immunoassays, which can be affected by cross-reactivity with cortisol metabolites and synthetic glucocorticoids (28) . Indeed, the most common cause of possibly false-positive UFC results in this study was the use of an exogenous glucocorticoid preparation. Immunologic tests are still in widespread use, although they are gradually being replaced by structurally based assays, such as high-performance liquid chromatography (HPLC) and tandem mass spectrometry (LC-MS/MS), which do not pose a cross-reactivity problem (29, 30, 31, 32) . It may be assumed that had we tested the patients with HPLC or LC-MS/MS, the percentage of those with normal UFC tests would have been even higher. The strengths of this study are the probable inclusion of a large proportion of the patients diagnosed with CS in the surveyed population during the study years and the availability of detailed clinical and laboratory data for the included individuals.
A major limitation of our study is that the cohort of patients with UFC >2× ULN was not fully representative of all HMO-insured patients who were screened for CS during the study years. Thus, the calculated annual incidence of CS in the population insured by the HMO, based only on the patients identified in this study, is almost certainly an underestimation. There were undoubtedly some patients who were referred for other screening tests owing to personal or physician preference or situations in which the UFC test is inappropriate (e.g., moderate-to-severe renal impairment). Others might have been diagnosed with lower than twofold elevations of UFC levels. In a study on UFC levels in 152 patients with Cushing's disease, 17.1% had UFC levels between 1.5× and 2.0× ULN (33) . Some patients with cyclic or mild CS may even present with normal UFC values (34) . Furthermore, some of the 425 patients with hypercortisoluria who were included in our cohort but were not diagnosed with CS could have been wrongly excluded due to incomplete evaluation of their cortisol levels. Thus, although our findings reveal that the incidence of CS is higher than previously reported, the true incidence is likely even higher than that reported here.
In summary, an increasing number of individuals are being referred for UFC measurement, apparently with no justification. Specifically, the expected yield of routine UFC testing in patients scheduled for bariatric surgery is low, and guidelines regarding the need for endocrine evaluation in these patients are warranted. Although the design of this study is not appropriate for a reliable and precise calculation of the annual incidence of CS in the general population, it may be concluded that the incidence is considerably higher than that previously suggested.
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